the 2D painting actually comes to life for the viewer.
In the 19th century, the "entrance into paintings" was made possible by two methods. The first was the panorama-an enormous painting, usually mounted in the round and meant to be seen from the center. The panorama made it possible for the viewer to turn around and see a 360-degree view of a landscape or a historic scene rather than the partial, cropped views that were presented in traditional paintings. Likewise, to heighten the illusion of reality, most panoramas included a "transitional" area between the viewer and the painting that was a 3D extension "in real time" of the virtual reality of the 2D painting.
A second mode of entrance into paintings introduced in the 19th century was the tableau vivant or living picture. This was not the works produced by artists but the works of groups of pantomime actors, usually amateurs, who took on various poses to imitate well-known works of art or enact dramatic scenes from history or literature. This method is reproduced every summer in the "Pageant of the Masters" in Laguna Beach, California.
The similarity between these artists and the "art" of creating a sonographic image is very impressive. Just as the artist must be immersed into his or her work by incorporating the 3D concept into a 2D expression on paper, the sonographer must be able to understand the 3D depth of anatomy to produce an adequate 2D image of the anatomical structures. The student must have additional exposure beyond the pages of an anatomy textbook to understand the depth and positional relationships of the anatomical structures.
There are several ways in which this may be accomplished. Probably the ideal method is actual visualization of anatomy-whether through surgery, autopsy, or gross anatomy classes. This actual "hands-on" approach to learning and understanding interrelationships between anatomical struc-tures is critical to comprehending spatial relationships. Video programs cover these topics, but again the student is exposed to a 3D concept in a 2D screen format. Gross anatomy allows the student to follow structures to their origin of attachment and to appreciate the relationship of one structure to another.
In-house classroom demonstrations can be accomplished through the use of several activities. The pipe cleaner and play dough reconstruction of the body is one of the most popular with students and is very easy to re-create in a classroom setting. This exercise works best with students who have had a year of anatomy and physiology. At the beginning of this exercise, I ask the students to draw 8 to 10 cross sections of the upper abdomen on a sheet of paper. This gives me an opportunity to see how much anatomy they know and understand. If it looks as though the students have the basic concepts of the body structures, we then use the pipe cleaners to reconstruct all the vascular structures seen in the abdomen. I precut the pipe cleaners to their respective sizes. The red is reserved for the aorta and its tributaries (celiac, hepatic, left gastric, splenic, superior mesenteric, renal arteries, inferior mesenteric, and iliac arteries). The blue is reserved for the inferior vena cava, hepatic veins, renal veins, and iliac veins. The white is for the portal system (splenic vein, main portal vein, right and left portal veins, superior mesenteric vein). I use the yellow/green for the biliary duct (hepatic, common bile duct, and pancreatic duct) so the discussion of the portal triad can be made. The students are given the respective colors, sizes, and instructions and asked to work in pairs to build the vascular system. This limited construction allows the students to think about the relationship of one structure to another as they figure out where the celiac axis should be placed in relationship to the renal arteries or veins. After the students have mastered this exercise, we move onto the play dough construction.
The play dough construction is a very interactive building of all the body parts the sonographer would typically encounter. The organs should be appropriately sized in relationship to their neighboring structures. The appropriate muscles, fat, mesentery, and omentum should be applied where necessary. I usually ask the students to work in pairs and to work without the aid of a textbook so they have to think before creating their masterpiece. Multiple colors of clay add to the creativity of the students' designs (the more the students work with their hands to warm the clay, the smoother the finished product). I give the students a list of all the structures they need to construct in their model body, instructing them to begin from the posterior structures and build anteriorly. Thus, they start with the spine and psoas/ileopsoas muscle, vascular structures (as above with integration into the respective organ systems), kidneys, ureters, liver, spleen, biliary system, pancreas, stomach, duodenum, small bowel, colon, and, for the female, the uterus/vagina, fallopian tubes, and ovaries.
This exercise provides a hands-on understanding of the depth and interrelationship of organs and vascular structures. The students begin to understand the relationship and anatomical variations one structure has to another as well as how to manipulate the transducer to obtain images of the various anatomical structures. We have tried slicing the models into cross sections, but the clay tends to bleed together, and thus a clean cross section is not obtainable.
Another exercise that has proven useful is the construction of colorful polyfoam structures that simulate multiple cross sections and sagittal sections of the body. These can be re-created from any large-size sectional anatomy book. Specific colors should be assigned to the various structures. The end product is 10 to 12 transverse sections and 6 to 10 sagittal sections, all with their respective anatomical structures. The students will be able to spend hours rebuilding these sectional structures until their understanding of body part progression is complete. This exercise is good to use in a scanning lab-while some of the students are scanning, the other students can be practicing their sectional building. I usually drop all the pieces into the middle of a large workspace, and the students have to assemble appropriate sizes of organs and structures, from the xyphoid to the umbilicus. This exercise is also useful for emphasizing superior, inferior, posterior, and anterior relationships that are so necessary in scanning.
The use of fruit products or various loaves of bread may also be useful in understanding sec-tional anatomy and the various planes that are used in sonography. The pear is useful to demonstrate the various planes of the uterus (both transabdominal and endovaginal-i.e., transverse, sagittal, coronal, and long). The bread illustrates the difference between transverse, coronal, and sagittal by illustrating sectional anatomy very well from crust to crust. The use of a flashlight may help the student understand the position of the transducer to the loaf of bread.
Other projects we have used are the actual "drawing" of body parts on the student-and then scanning the body to see how accurate the position was. Permanent marker is best used for this project, and therefore the students must be willing to walk around with their innards drawn out on their stom-ach. Another exercise that could be used is to find a rubber doll that is firm, but hollow, and cut in half to show the sectional anatomy at that level.
Each student will learn these concepts differently. Therefore, the instructor needs to use as many different techniques as possible to communicate with students, providing the understanding necessary to develop the innate comprehension of anatomical detail necessary to produce highquality sonograms.
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